
Role of TGF-β signaling 
pathway variants in cancer 

development and progression

Boris Pasche, M.D., Ph.D., F.A.C.P.
Director, Cancer Genetics Program 

Division of Hematology/Oncology, Department of 
Medicine

Robert H. Lurie Comprehensive Cancer Center
Northwestern University Feinberg School 



Analyses of cohorts of twins show a relatively large effect 
of heritability for several forms of cancer suggesting that 
our current knowledge of the genetics of cancer is 
limited.

This effect is likely due to a combination of low-
penetrance tumor susceptibility genes. Such variants are 
relatively common in the population and as such may 
confer a much higher attributable risk in the general 
population than rare mutations in high-penetrance 
cancer susceptibility genes.

Candidate low-penetrance genes are chosen on the basis 
of biological plausibility.  Alterations in their protein 
sequence, and therefore function, could affect pathways 
involved in cell growth control, detoxification and 
carcinogenesis. 



Transforming Growth Factor Beta (TGF-β) is a potent inhibitor of 
normal epithelial cell growth. However, in the presence of TGF-β
cancer cells are only partially growth-inhibited by TGF- β. Some 
cancer cells are even growth-stimulated by TGF- β. The TGF- β

signaling pathway has emerged as a major cancer-related pathway.
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TGFBR1 and its mutant alleles

Cancer Res 58:2727-2732, 1998



TGFBR1 genotypes in cases and  controls from New York City

total TGFBR1/ TGFBR1/ TGFBR1*6A/  TGFBR1/     TGFBR1/      TGFBR1/        TGFBR1*6A
TGFBR1 TGFBR1*6A  TGFBR1*6A   TGFBR1*8A TGFBR1*5A  TGFBR1*10A  TGFBR1*10A

_________________________________________________________________________

Controls

735 654      78 (10.6 %) 0 2 1 0 0

Cases 

851 716    123 (14.5 %) 9(1.1 %)  0 0 2                    1

(p < 0.02, Fischer’s exact test) (p < 0.01, Fischer’s exact test)

Cancer Res 59:5678-5682, 1999



TGFBR1 genotypes in cancer cases from New York City
total TGFBR1/ TGFBR1/ TGFBR1*6A/      TGFBR1/           TGFBR1*6A/

TGFBR1 TGFBR1*6A     TGFBR1*6A       TGFBR1*10A     TGFBR1*10A
____________________________________________________________________

Colon Cancer
n=112 90 17 (15%) 4 - 1

Ovarian Cancer
n=48 39 7 (13%) 1 1 -

Breast Cancer
n=152 128 24 (16%) - - -

Non-Hodgkin Lymphoma
n=80 66 13 (16%) 1 - -

Germ Cell Cancer
n=57 50 5 (9%) 2 - -

Non-Small Cell Lung Cancer
n=93 81 11 (12%) 1 - -

Prostate Cancer
n=59 51 8 (14%) - - -

Cancer Res 59:5678-5682, 1999



T G F -β  co n c en tra tio n

P asch e  e t a l., C a n c e r R es  59 :5678 -5682 , 1999

0 .5  pM 1  pM 3  pM 5 pM 10  pM 30  pM 300  pM

%
 g

ro
w

th
 in

hi
bi

tio
n

0

20

40

60

80

6A -H A  c lones  14 , 16 , R  and  Z
T β R -I-H A  c lones  3 , 5 , K  and  P
10A -H A  c lones  21 , 25 , B  and  X



Kaklamani et al, Journal of Clinical Oncology 2003, 21:3236-3243



TGFBR1*6A and cancer risk: meta-analysis of 17 studies

Zhang et al, Journal of Clinical Oncology 2005, 23:7743-7744



J Clin Onc 2004, 22:756-758 



Pasche et al., J Clin Onc 2005, 23:7744-7746, 2005



INCREASED TGF-β SIGNALING AND BREAST CANCER

Transgenic animal experiments suggest that increased 
expression of TGF-β1 (TGFB1) is protective against breast 

cancer development.

A T→C (thymine to cytosine) transition in the 29th nucleotide of 
TGFB1 coding sequence results in a leucine to proline 

substitution at the 10th amino acid and is associated with 
increased serum levels of TGFB1.

A study of 3,075 postmenopausal Caucasian females shows that 
the TGFB1*CC is associated with a significant decreased risk of 
breast cancer: hazard ratio (HR), 0.36; 95% confidence interval 

(CI), 0.17-0.75 (Ziv et al., 2001).

Ziv et al., JAMA 2001, 285:2859-2863



INCREASED TGF-β SIGNALING AND BREAST CANCER

More recent investigations of this polymorphism with regard to 
breast cancer risk have yielded conflicting results. In a pooled
analysis of three European case-control studies that included 3,987 
cases and 3,867 controls with a median age of 50, the TGFB1*CC 
genotype was associated with a 21% increased risk of breast cancer. 

In a hospital-based study of 232 cases and 172 controls conducted 
in Japan, there was no overall association between the TGFB1*CC 
genotype and breast cancer. However, for premenopausal women, 
the TGFB1*CC genotype was significantly associated with reduced 
risk of breast cancer in comparison with the TGFB1*TT genotype 
(OR=0.45, 0.20-0.98).

Dunning et al., Cancer Res 2003, 63:2610-2615
Hishida et al., Breast Cancer 2003, 10:63-69
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Association of TGF-β signaling pathway 
variants with breast cancer
Funded Breast CFR project

Specific Aim 1: To assess the association between 
carrier status of the TGFBR1*6A allele and breast cancer 
risk through a discordant sibling case control 
association study, which will use all sibling pairs 
available in the Registry.
Specific Aim 2: To assess the association between the 
other functionally relevant variant of the TGF-β 
signaling pathway, TGFB1 T29C and breast cancer risk.
Specific Aim 3: To assess the combined effects of 
TGFBR1 and TGFB1 variants that affect TGF-β signaling 
on breast cancer risk.  



Association of TGF-β signaling pathway 
variants with breast cancer

Funded Breast CFR project
Secondary Aim: In secondary analyses, we will assess 
whether the strength of the associations of the 
TGFBR1 and TGFB1 variants with breast cancer risk 
in families differ according to tumor stage at 
diagnosis and tumor estrogen and progesterone 
(ER/PR) status.  

We will also assess whether the associations of the 
TGFBR1 and TGFB1 variants with breast cancer risk 
are modified by menopausal status.



TGFBR1*6A in Hereditary 
Nonpolyposis Colon Cancer

TGFBR1*6A is emerging as a high frequency 
candidate cancer susceptibility allele.

One of every seven healty individual is 
TGFBR1*6A heterozygote and one in 200 is 

TGFBR1*6A homozygote.

Hypothesis:

TGFBR1*6A accounts for a proportion of MMR-
mutation negative HNPCC cases?



J Clin Onc 2005, 
23:3074-3078



J Clin Onc  2005, 23:3074-3078



Is TGFBR1*6A associated with MSI status?

Bian et al., J Clin Onc  2005, 23:3074-3078





Lindor et al., 
JAMA 2005, 

293:1981-1985

TGFBR1*6A?



Contribution of Gene Mutations 
to HNPCC Families
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Association of TGF-β signaling pathway 
variants with colorectal cancer

CFR project with fundable score
Specific Aim 1: We will assess the association between 
TGFBR1*6A and colorectal cancer through a discordant 
sibling case control association study, which will use all 
sibling pairs available in the Registry. We will also 
perform haplotype analysis of the TGFBR1 gene and 
determine the extent of the association between 
disease and chromosomal region 9q22.2-9q31.2. We 
will genotype a minimum of 4,208 full sibling case-
control pairs.
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Linkage of the 
9q22.2-9q31.2 region 
to familial colorectal 
cancer.

Chromosome 9, in 
cM, is depicted along 
the x axis. The y axis 
plots pP = (-log10[P 
value for linkage]). 
Red symbols depict
pP values for linkage 
as determined by the 
Haseman-Elston
method employing all 
affected and 
unaffected siblings 
(modified from 
Wiesner et al, PNAS, 
2003:12961-12965)



Association of TGF-β signaling pathway 
variants with colorectal cancer

Specific Aim 2: We will genotype cases and controls for 
the other functionally relevant variant of the TGF-β
signaling pathway: TGFB1 T29C, which results in higher 
TGFB1 circulating levels. We will also perform haplotype 
analysis of the TGFB1 gene. 
Specific Aim 3: We will analyze gene-gene interactions 
between the two well characterized TGFBR1 and TGFB1
polymorphisms that affect TGF-β signaling. In this aim, 
we will explore the relationships between the variants 
and colorectal cancer risk. This will allow us to 
determine the extent to which the overall level of TGF-β
signaling, as predicted by combinations of these two 
variants, will be associated with colorectal cancer risk 



Somatic acquisition and signaling of 
TGFBR1*6A in cancer

TGFBR1*6A is emerging as a common breast, colon, 
ovarian and prostate cancer susceptibility allele.

Hypothesis:

TGFBR1*6A may be somatically acquired during cancer 
development.

The impact of TGFBR1*6A on TGF-β signaling in cancer 
cells may be different from its effects on normal 

epithelial cells



Flow Diagram of TGFBR1 Exon 1 Genotyping Studies
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JAMA 2005;294:1634-1646



TGFBR1*6A Somatic Acquisition and Mutator Phenotype

JAMA 2005;294:1634-1646



TGFBR1*6A Acquisition and 9q22 Deletion or Amplification in Patients 
With Head and Neck Cancer

JAMA 2005;294:1634-1646



TGFBR1 and TGFBR1*6A

JAMA 2005;294:1634-1646



TGFBR1 and TGFBR1*6A

JAMA 2005;294:1634-1646



In vitro translation of pCS2-TGFBR1, 
pCS2-TGFBR1*6A, and pCS2-
TGFBR1*10A in vitro in the presence 
of rough dog pancreas microsomes 
under standard conditions. 

All three proteins were efficiently 
inserted into the microsomal 
membrane as evidenced by efficient 
glycosylation of the unique 
glycosylation acceptor site in the 
short extracellular domain of the 
protein (A) and protease-sensitivity of 
the large cytoplasmic domain in 
intact microsomes (B).

Thus, neither the 9 bp deletion in 
the *6A signal sequence nor the 3 bp
insertion in the *10A signal sequence 
measurably affect either targeting to 
or translocation across the 
endoplasmic reticulum membrane. 

Pasche, B. et al. JAMA 
2005;294:1634-1646



TGFBR1 Expression Levels of Stably Transfected MCF-7 Clones

JAMA 2005;294:1634-1646



TGF-β Growth Inhibition and Stimulation Assays of Stably Transfected
MCF-7 Cells and SW48 (*9A/*9A) and DLD-1 (*6A/*9A) Colorectal Cancer 

Cell Lines

JAMA 2005;294:1634-1646
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TGFBR1*6A and colorectal cancer
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Breast cancer SPORE CFR project (Feb 1, 2006)
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CONCLUSIONS
TGFBR1*6A is emerging as a low to moderate penetrance tumor susceptibility
allele. One in every two hundred healthy individual is a TGFBR1*6A 
homozygote. 

Meta-analyses indicate that TGFBR1*6A homozygotes have a 200% increased 
prostate cancer risk, 169% increased breast cancer risk and 107% increased 
ovarian cancer risk.

A combined assessment of two well-characterized, functionally relevant 
variants of the TGF-β signaling pathway may predict cancer risk in a large 
proportion of the general population.

TGFBR1*6A may contribute to a fraction of mismatch repair mutation-
negative hereditary colorectal cancer “Familial colorectal cancer type X”.

TGFBR1*6A is somatically acquired in 30% of patients with liver metastases 
from colorectal cancer. TGFBR1*6A switches TGF-β growth inhibitory signals 
into growth stimulatory signals by means of its signal sequence.
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